INTRODUCTION
The Barn Swallow Hirundo rustica is a widespread species that successfully breed in human settlements (Scordato and Safran 2014) . There are six subspecies of H. rustica in total. Notably, H. r. savignii breed in North Africa, while the breeding and wintering range of H. r. transitiva is heavily restricted within the Middle East. Furthermore, H. r. rustica breed in Europe and H. r. tytleri breed in Siberia and Mongolia, while H. r. gutturalis breed in East Asian nations such as China, Japan, and the Korean peninsula. Finally, H. r. erythrogaster breeds in North America (Del Hoyo et al. 2018) . Barn Swallows on passage or wintering in Peninsular Malaysia are largely identified as H. r. gutturalis (Wells, 2007) .
As a colonial bird, the Barn Swallow's preferred habitat during the breeding season is in low-lying open fields and livestock farms whereas, in winter, their preferred areas are usually near rivers and lakes (Curry-Lindahl 1963; Nutall 2000) . Barn Swallows typically locate opportunities for aerial feeding throughout the region, including in urban areas such as old towns or villages, rural areas such as parks, agricultural areas, as well as around lakes and rivers (Peck and James 1987; Turner 1994) . This Barn Swallow's population appears to roost along service wires (electricity and telephone wires) in urban areas such as the old town like Bentong-a behavior that can also be observed in their temperate breeding and wintering regions (Verma 2010) . A study by George (1965) from Mumbai, India, stated that, apart from sugarcane and mangrove swamps, thousands of Barn Swallows in a specific area also chose service wires as their main roosting place. During the migration season, Medway (1973) stated that Barn Swallows in Peninsular Malaysia preferred to roost on service wires instead of roofs, ledges, billboards, and windows. Notably, the gaps between individuals choosing a service wire as a breakpoint were more coordinated as the bird population increased. Once these birds filled the spaces along the lines of illuminated service wires, the remaining colonies chose other areas such as roofs, ledges, windows, and shop signs.
Most ecology studies on Barn Swallows have focused on their breeding grounds, while fewer studies related to passage and wintering grounds have been performed. The last swallow study in Peninsular Malaysia was conducted nearly half a century ago by Medway (1973) and was largely focused on population dynamics. Hence, the study aims to examine the roosting behavior of wintering Barn Swallows in a major roosting town in central Peninsular Malaysia.
MATERIALS AND METHODS

Study area
The study was conducted in the town area of Bentong, Pahang, central Peninsular Malaysia. The town is 80 km north-east of Kuala Lumpur and opposite the Titiwangsa Range. The area of Bentong is 1831 km 2, and it borders the State of Selangor on the west and Negeri Sembilan on the south. Bentong District was managed by the Bentong Municipal Council Administration and is divided into three mukims, namely Bentong Mukim, Sabai Mukim, and Pelangai Mukim.
Procedures
The present study was conducted in the early evenings during the migration season, from October 2018 until March 2019. The weather data was acquired from Malaysian Meteorological Department. Observations were performed by only one observer to reduce bias at selected service wires in the town using a modified scan sampling method at 5-minute intervals following Altmann (1974) , Martin and Bateson (1993) , and Samson and Ramakrishnan (2016) . Only the initial behaviors (i.e., the first sighting of an individual bird) were recorded to avoid problems related to non-independent data (Mansor and Ramli 2017; Mansor et al. 2018a) . Subsequent observations of foraging in the same bird were assumed to be correlated and were thus ignored (MacNally 1994).
Observations were performed at selected services wires linking many electric posts. Generally, roosting swallows perched side by side to form a neat line along the wire that with a length of over 10 meters. Only ten individuals were chosen per observation, and all observed individuals had a certain distance from neighboring birds to ensure that their behavior was free from their neighbor's influence. All observations began when the sun began to set. The time at which the first bird perched was also recorded. Behavioral observations were only conducted when the colony grew to at least ten individuals and every behavioral activity was observed from the first perch until they fell asleep. The roosting behavior classification was performed using a modified classification method following Ramji et al. (2013) during the period of roosting prior to sleep. The classifications include: (i) stationary -the bird does not exhibit major movement from limb, only subtle movement from the head; (ii) socializing -the bird chirps with adjacent birds on both sides; (iii) site shifting -the bird shifts to a nearby place on the same line; (iv) leaving -the bird flies to another site beyond the observer's sight; (v) territorial behavior -(a) attacking (an individual initiates aggression by snapping and lunging its beak while hovering with its wing fluttering rapidly to harass another individual that possesses a roosting spot, usually performed by a bird flying in searching of roosting spot) or (b) retaliating (prompted by the aforementioned harassment, where birds react with a similar behavior, i.e., by snapping its beak, rapidly fluttering its wings-but not lunging to ward off the attacker); (vi) preening -the bird uses its beak to clean off feathers of the neck, dorsal side, ventral torso and flight feathers found on the wings and tail; (vii) lineassembling -a non-flight movement involving strolling or hopping sideways to be in close proximity to adjacent birds, as most swallows do not leave a large space between them; (viii) defecating -defecating while roosting prior to sleep. Finally, swallows are said to sleep when they tuck their heads into the feathers of their ventral side (Medway 1973) .
Data analysis
Principal component analysis (PCA) was performed using PRIMER-E version 7 (Clarke and Gorley 2015) . It was to determine the roosting behavior of swallows. We used a scree plot to define the components of all behavior parameters in the analysis, and only components with eigenvalues >1 were selected. From each of the components, high loading plots were used to determine significant parameters (e.g., assembling and socializing).
RESULTS AND DISCUSSION
A total of 100 individuals of swallow were observed in present study, with average of 2 hours per observation starting from the first perch at sunset till they fell asleep (no movement). The present study also found that the roosting behavior pattern of wintering Barn Swallows in a town of central Peninsular Malaysia was similar throughout the migration period, with stationary and preening being the most prominently observed behaviors (Figure 2) . Stationary behavior involves the swallows remaining nearly motionless (except for minor head-turning and tilting in order to observe their surroundings) or not making any movement at all. Meanwhile, preening involves cleaning feathers with their beak from time to time. However, during the early migration season, particularly in October, other behaviors (e.g., leaving, assembling) were also displayed by swallows, which were probably due to some new arrivals still attempting to adapt to their new locations in search of a preferred roosting site. Furthermore, most swallows in the area seemed to be disturbed by a variety of sounds from passing vehicles.
The PCA of barn swallow roosting behavior yielded two components that explained 94% of the variation (Figure 3 ). The first principal component explained 79% of the variation that was weighted on the stationary behavior (V4), whereas the second component explained 15% of the variation that was weighted on preening (V5). The selected components were based on a scree plot curve and the range of percentages between components. In this case, the range of percentages between component 2 and component 3 was too small; therefore, only two (instead of three) components were selected for an explanation.
We determined that the arrival time for swallows to perch on service wires was proportionate to sunset duration (Figure 4 ). The longer it took for the surrounding area to become darker, the later the swallows roosted. Some individuals were seen perching when the sky was completely dark and was subsequently followed by thousands of other birds. Moreover, we found that the weather strongly influenced swallow roosting time. The average time at which swallows perched on a wire was 10 minutes after sunset under normal conditions (Mean temperature: 27.4℃, rainfall amount: 1.0mm); however, they perched earlier (before sunset) during cloudy and raining conditions in November (Mean temperature: 26.3℃, rainfall amount: 21 mm). Smiddy et al. (2007) made a similar observation of swallows beginning to roost when the sky became dark or when insects were scarce. It was reported that the weather has a significant influence on the roosting behavior of swallows, in which the rain and low temperatures will force the birds to roost earlier on wet evenings (Giller 1955; Loske 1984; Winkler 2006) . The present study also found that the average sleeping time for swallows was 1 hour and 55 minutes, which was earlier in the first four months of the study and delayed in the later dark-sky period. In January, swallows roosted significantly later than in the other months (relative to sunset). Pressure on food may cause birds to feed later, but this is unlikely in this case as the total amount of daylight available for feeding in January (approximately 10hr/day) was higher than in October (approximately 7 hr/day), November (approximately 6hr/day), and December (approximately 3 hr/day). The lower proportion of overcast and breezy evenings (Mean temperature: 28.1℃, rainfall amount: 0 mm) recorded in January could be a contributing factor to this situation.
We noted that roosting swallows were more likely to choose a roosting place illuminated by lights, which was likely done to improve the potential to defend against predators such as owls. Notably, Verma (2010) stated that lights could also provide heat for the birds, while insects attracted to lights around the roosting area can become a primary food source for swallows. In conclusion, service wires favored by the roosting swallows should be considered and maintained in Bentong town management planning or any other towns occupied by swallows. In addition, we suggest that future research should extend this study by identifying the stopping-over sites along East Asian-Australasian Flyway as well as aerial insects consumed by this migrant species in wintering regions (Mansor et al. 2018b 
